cell invasion through basement membrane (BM) barriers is crucial in development, leukocyte trafficking and the spread of cancer. the mechanisms that direct invasion, despite their importance in normal and disease states, are poorly understood, largely because of the inability to visualize dynamic cell-BM interactions in vivo. this protocol describes multichannel time-lapse confocal imaging of anchor-cell invasion in live Caenorhabditis elegans. Methods presented include outline-slide preparation and worm growth synchronization (15 min), mounting (20 min), image acquisition (20-180 min), image processing (20 min) and quantitative analysis (variable timing). the acquired images enable direct measurement of invasive dynamics including formation of invadopodia and cell-membrane protrusions, and removal of BM. this protocol can be combined with genetic analysis, molecularactivity probes and optogenetic approaches to uncover the molecular mechanisms underlying cell invasion. these methods can also be readily adapted by any worm laboratory for real-time analysis of cell migration, BM turnover and cell-membrane dynamics.
IntroDuctIon
BM is a thin, dense and highly cross-linked form of extracellular matrix (ECM) that underlies epithelia and endothelia, and surrounds muscle, nerve and fat cells 1, 2 . This sheet-like network functions partly as a barrier to the movement of cells across tissue boundaries. During normal development and immune surveillance, however, specialized cells acquire the ability to transmigrate through the BM as they disperse and subsequently form organs or respond to injury or infection [3] [4] [5] . Cancer cells are thought to highjack normal programs for BM transmigration as they spread from a primary tumor and colonize distant sites 3, 4, 6 . Despite its central role in cancer lethality, cell invasion through the BM remains one of the least understood steps in cancer progression 7 .
Most BM transmigrations are difficult to visualize, because they are dynamic and unpredictable, and they often occur deep within tissues 6, 8 . Hence, research on cell invasion has almost exclusively used in vitro and ex vivo tissue culture models. Although these model systems have revealed potential molecular mechanisms that govern cell invasion 9, 10 , the complex milieu of extracellular signals and biochemical and biophysical cell-cell and cell-matrix interactions in vivo cannot be recapitulated outside the normal physiological environment 4 . Thus, understanding of BM transmigration remains incomplete.
C. elegans is a well-established model organism with a compact genome that is well suited for high-throughput genetic and functional genomic studies 11 . In addition, the worm's transparency facilitates real-time visualization of many biological processes that are otherwise experimentally inaccessible in complex vertebrate tissues 6, 12 . The anchor cell (AC) is a specialized type of uterine cell that invades through the BM and connects the uterine and vulval tissues during hermaphrodite development 13, 14 . These two tissues begin development juxtaposed but separated by the BM that lines each tissue. AC invasion initiates the connection of the uterine and vulval tissues, and this connection is required for mating and egg-laying in adult animals. The highly invariant nature of AC invasion, the ability to visualize the AC-BM interface, the ease of identifying genetic mutants and conducting RNA-interference screens and the robust transgenic approaches available for C. elegans make AC-BM transmigration a uniquely powerful model to study cell invasion in vivo. Importantly, AC invasion shares many of the same molecular and cellular mechanisms identified to regulate cancer-cell invasion, thus making it a relevant model to uncover conserved invasion programs affecting human health [15] [16] [17] [18] [19] [20] . In this protocol, we provide detailed information about how to image C. elegans AC-BM transmigration.
Comparison with other models
In vivo, cell invasion through the BM occurs in complex and dynamic cellular microenvironments in which the invasive process is influenced by the mechanical properties and chemical cues of surrounding tissues. In addition, BMs comprise more than 100 different proteins, glycoproteins and proteoglycans, thus making full recapitulation of BM invasion difficult through 2D cell culture and 3D matrix models 1, [21] [22] [23] . Because BM cannot be synthesized in vitro, many techniques for examining cell invasion rely on assays in which cultured cells are placed on or within a simplified matrix (e.g., gelatin or collagen), reconstituted BM (Matrigel), denuded BM explants or chick chorioallantoic membranes 10, [24] [25] [26] . New microfluidic platforms allow for realtime imaging of human cancer-cell extravasation at single-cell resolution within in vitro microvascular networks 27 . This assay substantially recapitulates an important step in cancer metastasis, 1 but BMs crossed during extravasation can be visualized only statically through immunofluorescence approaches using antibodies after tissue fixation. These genetically and visually accessible models have been effective in allowing the identification of key pathways and cellular processes governing invasion. However, because these in vitro invasion assays cannot recapitulate endogenous BM matrices or the native tissue environment, the physiological relevance of findings from these systems remains uncertain. Further, these models cannot reveal mechanisms that manifest only in complex in vivo environments.
Live-cell confocal microscopy and quantitative 4D image analysis of anchor-cell invasion through the basement membrane in Caenorhabditis elegans
Several in vivo models have been developed in a variety of model organisms to study BM invasion in varying contexts 4 . Polarization of the anterior-posterior axis during mouse embryogenesis 28 and the process of epithelial-to-mesenchymal transition during chick gastrulation 29, 30 are both similar to AC invasion in C. elegans in that they capture BM breaching during a predictable time point in animal development. However, BM visualization in both these models requires immunohistochemical analysis of fixed tissues by using antibodies to collagen IV or laminin, because fluorescently tagged BM markers have not been developed. Drosophila imaginal-disc eversion is a well-studied developmental event that requires BM degradation at a specific stage in larval animals 31, 32 . Importantly, in Drosophila, as in C. elegans, BM proteins including collagen IV have been successfully tagged with fluorescent proteins 33, 34 , but live-cell imaging of cell-BM interactions during disc eversion have not yet been successfully captured 31 . Drosophila tissue is highly pigmented, thus making live-cell imaging deep within tissue more complex than imaging within transparent C. elegans 35 . Zebrafish xenographs 36, 37 and intravital imaging in mice 38, 39 have been used to examine the movements of transformed cells within and through blood vessels, which are essential steps in cancer-cell metastasis. Through recent advances including the use of an imaging window 38 in mice and pigmentation mutants in zebrafish 40 , these models have overcome the problem of visual inaccessibility of live imaging of events deep within tissues. However, BM cannot be directly visualized in either of these contexts, and fluorescent proteins marking the vasculature are used to infer BM crossing in real time. Direct visualization of BM in these systems also requires tissue fixation for antibody-based detection. Overall, these models share several strengths and have some similarities to AC invasion in C. elegans. However, they have not yet allowed for the live-cell imaging approaches needed to capture the dynamic events at the cell-BM interface during invasion.
Microfluidic technology is an alternative approach for imaging AC invasion in its entirety 41, 42 . In particular, a recent device in which worms are gently immobilized by flow, and a gradual increase in pressure 43 allows for imaging with high temporal resolution for extended durations. The downsides to microfluidic approaches are the complexity and cost of the systems. Further, these microfluidic techniques do not allow for easy manipulation of the orientation of animals, an ability that we have found to be helpful in visualizing AC invasion both laterally and ventrally. Finally, AC invasion is completed over a 2-h time window during which viability is not affected by anesthetic immobilization 44 ; thus, microfluidic approaches are not necessary for optimal immobilization for imaging.
Development of the protocol
Here, we present a detailed protocol for using time-lapse microscopy and quantitative 4D image analysis to study AC invasion in C. elegans. Through our studies using this protocol, we have found that AC invasion can be divided into distinct cellular processes 19, 20, [45] [46] [47] (Supplementary Fig. 1 Video 1) . Beginning approximately 6 h before invasion, a number of proinvasive genes that regulate actin dynamics and BM composition are expressed, and the encoded proteins polarize to the AC invasive cell membrane, the cell membrane at the AC-BM interface 15, 18, 48 . Shortly thereafter (~1 h), dynamic F-actin-based AC invadopodia form, depress the BM and then break down 48 . Each invadopodium has a lifetime of ~1 min. Triggered by a precisely timed secreted signal from the vulval cells, one or two invadopodia breach the BM during a narrow 30-min window in the mid-L3 larval stage 15 . The invadopodium that breaches the BM transforms into a large cellular protrusion that advances through a single hole in the underlying BM. As the protrusion enlarges, the BM is partially degraded and pushed aside as the protrusion extends between the underlying centrally located 1° fated vulval precursor cells (1° VPCs) 19, 49 (Supplementary Video 2). Taking advantage of the stereotyped nature and visual accessibility of AC invasion, we have developed a time-lapse technique that allows for convenient imaging of the entire AC invasion process, which is normally completed within 2 h 48 . This model offers a unique opportunity to simultaneously examine dynamic events within the invading cell and in the BM being traversed. 15, 57 . Finally, the applications of this protocol are not limited to the study of AC invasion and could be applied, for example, to studying membrane trafficking during neurite outgrowth 62 or real-time analysis of the turnover, repair and aging of the ECM 16, 46, 57, 63, 64 . Recent upgrades to our imaging system have allowed for 4D time-lapse acquisition of several animals simultaneously. We use Micro-manager software (https://micro-manager.org/) to run an MS-2000 XYZ automated stage (Applied Scientific Instrumentation) through the Multiple Position (xy) option in the Multi-dimension Acquisition control dialog. Using the automated stage, we have imaged up to six worms in parallel, thus substantially decreasing the overall imaging time needed to collect time-lapse images from multiple animals.
Limitations of the protocol
There are technical and temporal limitations that preclude continuous imaging for some experiments. For example, we have used Dendra fused to laminin to determine BM removal over the course of AC invasion (described above). Converted (red) Dendra photobleaches rapidly, thus making continuous imaging prohibitive. In addition, the 2-h to 3-h time window necessary to photoconvert and then follow BM displacement during AC invasion exceeds the duration during which healthy animals anesthetized on coverslips can be successfully imaged, because they may enter a starvation-arrest state 63 . To circumvent these limitations, we take initial (t = 0) snapshots directly after photoconversion and then carefully recover worms from coverslips and place them back on agar plates with food. The worms are then mounted on slides again for postinvasion imaging 2 h to 3 h later. We have successfully used this approach for several experiments involving optical highlighting or photobleaching ( Table 1) .
Procedure overview and experimental design
In this protocol, we outline methods for 4D imaging and analysis of AC invasion in live worms. Different parts of the procedure explain the synchronization of larval growth (Steps 1-4), mounting worms for time-lapse imaging (Steps 5-10), microscope parameters used for optimal resolution (Steps 11-16), processing of image files necessary for vibrant movies (Steps 17-24) and examination of the resulting data to obtain quantitative measurements of several aspects of cell invasion (Steps 25-27) (Fig. 1) . The transgenic strains that are commonly used for studies of AC invasion are listed in Supplementary Table 2. Although the following methods are for imaging AC invasion during the L3 larval stage, we anticipate that this protocol will be useful to C. elegans researchers who wish to use live-cell imaging in various tissues during any larval or adult stage. Because these methods can be adapted for use with a number of different imaging systems and software, we use general descriptions throughout the protocol. 
Worm preparation before time-lapse imaging (Steps 1-10).

BMremoval rates
Step 27
Step 26 (Supplementary Table 1 ). A 12-min incubation of the worms in this anesthetic solution in a three-well glass slide (Fig. 3a,c ) is sufficient to immobilize worms for 2 h (if they are mounted/maintained in the solution). It is important to maintain the worms on the slide in M9 liquid but also to allow for gas exchange during imaging.
To accomplish this, a glass slide is used with an agar pad on which anesthetized worms are dispersed ( Fig. 3b,d ,e). A coverslip is then placed on top of the worms, and a Vaseline, lanolin and paraffin wax (VALAP) mixture is immediately applied 66 (details in MATERIALS) to seal the edge of the coverslip and the underlying agar pad (Step 8).
The VALAP helps to prevent evaporation. To allow for gas exchange, two small gaps are left along the sides of the coverslip (Fig. 3f) . This approach consistently keeps worms alive for 2 h without negatively affecting worm development. In our tests, approximately 89% (17/19) of worms recovered from a 2-h time-lapse imaging session survived and continued to grow into adulthood and produce healthy progeny. Furthermore, we have found that invasion occurs at the same rate in mounted and anesthetized worms as those not mounted and anesthetized (n 40 animals observed). As an alternative to anesthetics, worms can be immobilized with polystyrene beads placed on 10% (wt/vol) agar pads 67 . However, we have compared beads with 5% (wt/vol) agar versus the tricaine and levamisole mixture and have found the tricaine and levamisole mixture to be superior for immobilization, possibly because worms move more during L3 than during adult or other larval stages 68 .
Given the short (~2 h) time window of AC invasion, we often synchronize worm growth to obtain a sufficient number of animals at the proper developmental stage (mid-L3 larval stage) 69 . To synchronize worms, four to six plates of gravid hermaphrodites are bleached, and their embryos are collected and washed. These embryos are allowed to hatch in M9 buffer without food (Escherichia coli, OP50), and starved worms arrest in the L1 larval stage. Worms can survive in this condition for ~10 d (ref. 70) . After the arrested L1 worms are given food, they begin to recover from arrest within 1 h (ref. 71 ) and initiate growth in synchrony, and they are ready for imaging at the mid-L3 stage ~30 h later (at 20 °C; 40 h later at 15 °C). The detailed synchronization protocol can be found in PROCEDURE Steps 1-4.
Confocal imaging of AC invasion (Steps 11-16).
For image acquisition, a commercially available or customized spinning-disk confocal microscope can be used (our microscope setups are shown in Fig. 4a) . A scanning unit, high-power excitation lasers and a 100× objective with a high numerical aperture (NA) are essential for performing time lapse of AC invasion. We have used a laser scanning confocal microscope for imaging AC invasion to precisely photobleach or photoconvert fluorophores. However, because of rapid photobleaching, we have been successful at imaging for only short time intervals, even when capturing a single plane. The high laser power of point illumination bleaches live samples more rapidly and more quickly than does the area illumination of spinning-disk confocal microscopes. In addition, the time required for image acquisition is longer (approximately tenfold) on a scanning confocal microscope, because of the time required to complete the line scan for each imaging plane, thus limiting the number of z slices and the time intervals for acquisition (a time interval of several minutes is often required, whereas less than 10 s is required with a spinning-disk confocal microscope). Because we have observed measurable changes in actin dynamics at invadopodia by using 15-s timed intervals, we have found the spinning disc to be optimal for this protocol.
To observe the entire process of AC invasion, worms at the early-to mid-L3 larval stage should be identified for imaging 13 . Worm staging can be done by examining the number of divisions of the primary vulval cells, the degree of gonad-arm reflection and the number of ventral-uterine-cell descendants by using differentiation interference contrast imaging (Supplementary Table 1) . Imaging parameters will need to be optimized according to the particular imaging experiment to maintain a balance between sufficient image quality and overall animal health, which can be negatively affected by phototoxicity and photobleaching. These adverse photoeffects are positively correlated with total exposure time, which in turn depends on the laser power, bin settings, gain, objective, number of sections per z stack, frequency of time intervals and number of fluorescence channels acquired. The settings that we have optimized for the imaging outlined in this protocol are listed in Step 11 and outlined in Supplementary Video 4. Using these parameters, we have not observed severe phototoxicity and photobleaching when performing single-or dual-color imaging. We use the electronic multiplication (EM) function of an electronmultiplying charge-coupled device (EM-CCD) camera, thus allowing for markedly shorter exposure time for fluorescent proteins and further minimizing phototoxicity and photobleaching. When analyzing data in which voxels are measured and quantified, it is important to use the same imaging settings for the same transgene across all genetic backgrounds examined, to ensure comparability. Because camera technology is developing rapidly, we anticipate that advanced imaging platforms will be available in the near future, thus allowing for increased speed and resolution.
Mounting and orienting worms for imaging (Steps 5-10).
When placed on an agar pad, the worms naturally orient on their sides, thus conveniently allowing for AC invasion to be imaged from the lateral perspective (Fig. 4b, left) . However, this imaging perspective is not optimal for capturing the entire range of invasion events that occur at the cell-BM interface. To observe the complete cell-BM interface, we have found it optimal to image worms in the ventral plane (Fig. 4b, right) . To perform ventral imaging, roller mutants 72 such as rol-6(su1006) can be used by crossing the rol-6 mutation into the genetic backgrounds of the strains of interest. In our experience, 20% of rol-6(su1006) worms mounted on coverslips naturally lie with the ventral surface turned toward the objective. Ventral imaging is particularly useful when examining invadopodia formation and turnover (Step 25) and BM-hole opening (Step 27). Steps 17-27) . Currently, there are a variety of programs available for acquiring time-lapse imaging data, 4 , and adjust the volume to 1 l with water. Sterilize by autoclaving, and place aliquots into 100-ml bottles. Unopened stocks can be stored at room temperature (~20-25 °C) for 3 months. Levamisole solution Dissolve levamisole powder in water to prepare a 10 mM solution as a 10× stock, which can be stored at −20 °C for several years. Dilute the 10× stock with M9 buffer immediately before use to make a 1× working solution. Anesthesia buffer Dissolve the levamisole and tricaine powder in water to prepare 0.2% (wt/vol) levamisole and 2% (wt/vol) tricaine as the 10× stock. These stocks remain stable for several years at −20 °C. The 10× stock can be diluted with M9 immediately before use to make a 1× working solution that can be stored at room temperature (20 °C) for 1 week.
Data analysis (
• proceDure synchronize worm cultures for imaging (optional) • tIMInG 15 min  crItIcal Performing synchronized L1 larval plating facilitates worm-picking efficacy using a dissecting stereoscope microscope at the developmental stage optimal for time-lapse imaging (e.g., when imaging AC invasion, use worms at mid-to late-L3 larval stage). 1 | Wash two or three NGM plates containing a large number of gravid hermaphrodites with 4 ml of water, and transfer the washed worms to a 15-ml conical tube. 6 | Flame a worm pick until it glows orange, and allow it to cool for 2 s. Then, using a glob of OP50 E. coli from a fresh plate, pick up worms of interest, using a dissecting stereomicroscope. Gently swirl the pick in the 50-µl anesthetic (dispensed with a P200 pipette) in the glass spot plate (Fig. 3a and supplementary Video 3) . The surface tension of the liquid anesthetic will pull the glob of bacteria and worms off of the pick. Transfer 20-30 worms in total. If possible, try to collect all desired worms in one round of picking, to ensure that all worms are in the anesthetic for an equal amount of time.  crItIcal step Minimize the amount of OP50 bacteria transferred along with worms into the anesthesia solution.
Large amounts of bacteria in the anesthesia solution may decrease worm viability during time-lapse imaging.
7 | Wait 12 min to allow worms to be anesthetized. Perform
Step 8 during the incubation period.
8 | Prepare an agar pad by placing a clean microscope slide between the two guide slides, each of which has two pieces of laboratory tape applied on top of each other (i.e., two pieces thick) (Fig. 3b) . Next, pour a drop (~500 µl) of molten 5% (wt/vol) noble agar in the middle of the clean slide. Quickly place a second clean slide on top of the drop of agar, and then press down firmly on the ends of the top slide that overlap the taped guide slides (Fig. 3b) . Allow this setup to sit until the end of the incubation in Step 7.  crItIcal step Agar pads must be freshly made to prevent drying out during imaging. It is better to pour an agar pad that is too large, which can then be trimmed down with a razor blade to the size of the 22 × 22 mm coverslip (Fig. 3d) . Agar can be cleaned off the razor blade by using laboratory wipes. Maximizing the pad size allows for placement of more worms (n > 20) on each slide. Even with synchronization, it can be difficult to find worms at the exact developmental stage desired. An agar pad that is too small will leave large spaces of air after VALAP is applied and thus can cause the pad to dry out more quickly.
14 | Determine the developmental stage with respect to the number of primary vulval cells (P6.p one-, two-or four-cell stage; supplementary Fig. 1 and supplementary table 1 ) by using a compound microscope (Zeiss Axioimager.A1) and a 100× oil-immersion objective lens and immersion oil. Choose P6.p two-cell-stage worms for time-lapse imaging, because wild-type ACs initiate BM breaching at this stage (~30 h after hatching when grown at 20 °C). ? trouBlesHootInG 15| Start time-lapse imaging and readjust the focus plane during the imaging process if using a microscope with manual focus adjustment.  crItIcal step Correction for drift in the z axis (axial movements, which may result from slight drying of the agar pad drying or from worms settling into the agar) will need to be performed routinely every 5 min for the first 20 min of the time-lapse imaging. After 20 min, this z drift usually stabilizes. Correction for this drift can be done between time points by manually adjusting the z position of the microscope stage to keep the AC within the limits of the set z stack, without needing to pause the acquisition or adjust the stage piezo. Minor movements of the worms in the x and y axes (planar movements) can be corrected for later during image analysis (described in Image Analysis below below). 23 | Crop the volume in 3D to include only the information needed for analysis (Edit→Crop 3D…). This procedure will decrease the file size.  crItIcal step Depending on the object(s) that you are trying to measure, you may need to re-align the data set such that the x, y and z axes of the camera square up with the anterior-posterior, dorsal-ventral and left-right axes of the worm (Fig. 4b) . This re-alignment facilitates partitioning of cellular domains for analysis (e.g., the AC invasive cell membrane) and can be done with the Free Rotate function in Imaris (Image Processing→Free Rotate…) (Fig. 5a) . 
IMS).
For presentation or publication purposes, videos can be generated to display particular aspects of your data set (View→Animation). Within Imaris, you may also capture snapshots of a 3D volume from multiple perspectives (View→Snapshot) (Fig. 5b) .
Quantifying the spatiotemporal dynamics of ac invasion • tIMInG variable 25 | Use option A to open a ventral-view data set containing an invadopodia marker, and use the Spot function in Imaris to quantify AC-invadopodia dynamics ( Fig. 6; supplementary Video 6 ). Use option B to measure invasive protrusion volume with isosurfaces ( Fig. 7; supplementary Video 7) . Use option C to quantify the rate of BM-hole expansion ( Fig. 8; supplementary Video 8) . (a) using the Spot function in Imaris to quantify ac-invadopodia dynamics (i) Click the Surfaces icon. Deselect Smooth, and click Next. Set a threshold that accurately reflects the invadopodia to be measured, and click Next. Take note of the threshold value for future reference, click Next three times, and then click Finish.  crItIcal step At 15-s intervals, we allow a drift distance of 0.7 µm and use a frame gap of 0. According to our criteria, objects must be present in at least two consecutive frames to be identified as AC invadopodia (spots that disappear and then reappear will be counted as new AC invadopodia; Fig. 6c ). Although the software programs do a reasonable job in generating tracks by connecting spots in consecutive frames, you will need to verify that tracks are properly assigned. To do so, you will need to manually edit individual tracks, a time-consuming process that limits the number of animals that can be examined. (iii) Click the Statistics Tool icon to see data values resulting from the analysis. Click the Save icon to export the statistical data to an Excel file. (iv) Determine descriptive data for the following AC-invadopodia dynamics by using the exported numbers (Fig. 6d) .
For invadopodia size, individual invadopodia sizes (in micrometers; points for which an invadopodium persisted. This number must be multiplied by the duration of each time point to obtain an actual value in minutes. In wild-type animals, the number of AC invadopodia during the hour before invasion does not appear to significantly change over time.  crItIcal step Include a scale bar in the movie exported from Imaris, which will allow you to convert the data from an area in pixels to an area in square micrometers. Use the Straight (line) tool to draw a line along the scale bar, and note the number of pixels that correspond to the number of micrometers in the error bar. This information will be necessary in (G) below. Try to minimize the amount of liquid transferred with the worms by gently tapping the glass spot plate (the worms will coalesce at the bottom of the well (Fig. 3c) consistently measured AC-invadopodia dynamics in wild-type worms and have successfully characterized the roles of proteins that regulate invadopodia dynamics through genetic-mutant and RNA-interference knockdown studies. These proteins include several cytoskeletal proteins, such as the F-actin-severing protein cofilin, which promotes invadopodial turnover; the Rho GTPase Cdc42, which initiates the seeding of new invadopodia; and the Rab dissociation inhibitor GDI-1, which targets the endolysosome-derived invadopodial membrane to the invasive cell membrane and facilitates formation of invadopodia 15, 18 ( Fig. 6; table 1 ). In addition, this protocol has the sensitivity to identify changes in the volume of the invasive protrusion that follows formation of invadopodia (Fig. 7) . We have identified the netrin receptor UNC-40 (homolog of vertebrate DCC) as a key receptor that traffics to the BM breach site and directs the creation of the invasive protrusion through its F-actin-regulatory effectors UNC-34 (Ena/VASP) and MIG-2 (RhoG) 47, 48 . Finally, the range, shape and size, and the dynamic patterns of BM removal can be precisely measured by following the steps outlined above 16, 46, 49, 57 (Fig. 8) .
Using these methods, we have identified several proteins that regulate BM clearing under the AC, including hemicentin, a conserved extracellular member of the immunoglobulin superfamily, which physically links the two juxtaposed BMs under the AC, thereby optimizing BM breaching and hole opening 49 . In addition, we have found that overexpression of SPARC, a matricellular protein that is upregulated in many if not most metastatic cancers, promotes AC invasion by perturbing deposition of type IV collagen, thus thinning the BM 16 . In summary, this protocol can be coupled with a multiplicity of combinations of fluorescently tagged proteins, varying genetic backgrounds and conditions (such as pharmaceutical treatment and starvation) to uncover the molecular and cellular mechanisms that drive the invasion process in vivo in both development and disease states such as cancer. 
